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IMAGE SENSING APPARATUS 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to image sensing 
apparatus for sensing an image of an object and a 
method of controlling the image sensing apparatus. 
Related Background Art 

It is known that, when fluorescent substances of 
certain kinds are exposed to radiations (X-rays, a- 
rays, p-rays, y-rays, electron beams, ultraviolet rays, 
etc.)* part of the radiation energy is accumulated in 
the fluorescent substances and that, when such 
fluorescent substances are then exposed to 
scintillation light such as visible light or the like, 
the fluorescent substances exhibit stimulated emission 
according to the accumulated energy. The fluorescent 
substances possessing this property are called storage 
type phosphors ( photos timulable phosphors). 

There are proposals of radiographic information 
recording/reproducing systems making use of such 
storage type phosphors and configured to record 
radiographic image information of an object such as a 
human body or the like once in a sheet of an storage 
type phosphor, scan this storage type fluorescent sheet 
with scintillation light such as laser light or the 
like to cause stimulated emission, then 



photoelectrically read the resultant stimulated 
emission to obtain image signals, and present a 
radiographic image of the object as a visible image on 
a recording material such as a photosensitive film or 
the like, or on a display device such as a CRT or the 
like, based on the image signals (e.g., in Japanese 
Laid-Open Patent Applications No. 55-12429, No. 56- 
11395, etc.). 

There are also systems developed recently to sense 
an X-ray image similarly by use of semiconductor 
sensors. These systems have the practical advantage of 
capability of recording the image covering an extremely 
wide radiation exposure range, as compared with the 
conventional radiographic systems using silver halide 
films. Namely, such systems are configured to read X- 
rays in a very wide dynamic range by photoelectric 
conversion means, convert them into electric signals, 
and output the radiographic image as a visible image on 
the recording material such as the photosensitive film 
or the like or on the display device such as the CRT or 
the like, using such the electric signals, whereby the 
systems can provide the radiographic image without 
being affected by variation in exposure dose of 
radiations . 

Operation cycles of the conventional X-ray sensing 
apparatus are normally one-day periodicity. For 
example, upon an operation test of an X-ray generator, 
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the power is also turned on for such devices as an X- 
ray film changer, an X-ray solid-state imaging device, 
and so on, thereafter the power is kept on during hours 
when objects, e.g., patients can appear, and the power 
is turned off after an end of the last image sensing in 
that day. 

It is very rare for the image sensing apparatus to 
sense X-rays incessantly during the hours. It is thus 
common practice to control the sensing apparatus to low 
power consumption during non-sensing periods or to 
bring the system into a standby mode in which the 
imaging device is liberated from an imaging state so as 
to reduce the load on the imaging device. For 
implementing it, for example, an operator provides a 
command to transfer the system into the standby mode, 
or the sensing apparatus automatically moves into the 
standby mode if there is no access to the sensing 
apparatus for a predetermined period. 

When an object, e.g., a patient appears, the 
apparatus normally shifts from the standby mode into 
the normal imaging mode in response to a command 
inputted by the operator. 

Japanese Laid-Open Patent Application No. 10- 
104766 discloses the prior art in which a patient 
detecting sensor is provided in proximity to the X-ray 
image sensor, the X-ray image sensor is kept in the 
sensing state (on) only during a period when a patient 
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is present in front of the sensor, and the sensor is 
turned into the standby state (off) during periods when 
no patient is present. 

Since the conventional apparatus makes transitions 
between the sensing mode and the standby mode according 
to instructions from the operator, as described above, 
the apparatus can be maintained in a state of 
preparation for sensing in spite of absence of a human 
body (object) because of an operation error of the 
operator, a long setting of the predetermined period, 
or the like. This can sometimes result in decreasing 
the lifetime of the X-ray sensing device. Sensors 
comprised of semiconductors can suffer problems of 
occurrence of a wait time during the preparation for 
sensing or before sensing, and decrease in the total 
product life. Energization of the sensing part for a 
long period will result in generating excess heat in 
the sensor housing and the heat can bring about a 
demerit of increasing offsets of the sensor or a read- 
out circuit . 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
an image sensing apparatus with a long lifetime and a 
25 method of controlling the image sensing apparatus. 

Another object of the present invention is to 
provide an image sensing apparatus that can sense an 
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image with reduced noise and a method of controlling 
the image sensing apparatus. 

In order to accomplish the above objects, 
according to one aspect of the present invention, there 
5 is provided an image sensing apparatus comprising: 

a sensor region including a plurality of pixels 
O for detecting an image of an object; 

C! a read-out circuit adapted to sequentially read 

LI out signals from the plurality of pixels into a common 

fLl 10 output portion; and 

n; i 

a a power supply unit adapted to supply electric 

powers to the sensor region and to the read-out circuit 
independently. 

According to another aspect of the present 
15 invention, there is provided a method of controlling an 
image sensing apparatus comprising a sensor region 
including a plurality of photoelectric conversion 
elements for detecting an image of an object and a 
read- out circuit adapted to sequentially read out 
20 signals from the plurality of photoelectric conversion 
elements into a common output portion, the method 
comprising: 

a step of supplying electric powers to the sensor 
region and to the read-out circuit independently. 
25 The other objects and features of the present 

invention will become apparent from the description of 
the specification and drawings which will follow. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing a detailed 
configuration of an X-ray image sensing apparatus; 
Fig. 2 is an equivalent circuit diagram of a 
5 sensor; 

Fig. 3 is a circuit diagram of a flat sensor 
panel; 

Fig. 4 is a diagram showing power on timing 
generating parts; 
10 Fig. 5 is a diagram showing a first power on 

timing example; 

Fig. 6 is a diagram showing a second power on 
timing example; and 
y, Fig. 7 is a diagram showing a third power on 

15 timing example. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The embodiments of the present invention will be 
described below with reference to the drawings . 

20 In order to lengthen a lifetime of a flat panel 

sensor (sensor) comprised of semiconductors, the image 
sensing apparatus according to an embodiment of the 
present invention is configured to supply the electric 
power to the flat panel sensor and the electric power 

25 to the read-out circuit including amplifiers for 
amplifying electric signals from the sensor, a 
multiplexer for sequentially reading out signals from 



the amplifiers, etc. independently of each other, 
whereby the apparatus is provided with some standby 
period of the sensor before sensing and whereby heat 
generation can be suppressed in the sensing part. 

Describing the above in more detail, the flat 
panel sensor has the feature of small power consumption 
and thus poses no problem in terms of heat generation, 
but, when image sensing is started immediately after 
turning-on of power, the sensor shows high offset 
amounts of respective channels and fails to obtain a 
stable image. In order to solve it, it can be 
contemplated that the power to the sensor is turned on 
at the timing of the detection of a signal from a 
patient detecting sensor or order information from a 
radiation information system and the power to the 
sensor is turned off at the timing of the detection of 
absence of a patient or at the time of completion of 
sequential image sensing. In the strict sense, 
however, in view of the fact that the lifetime of the 
sensor is decreased by supplying power to the sensor, 
it is desirable to turn the power to the sensor on not 
during the period when the patient is present in front 
of the sensor but the period of sensing. 

However, offsets are relatively large if the power 
to the sensor is turned on immediately before X-ray 
exposure. This can be solved in such a way that the 
operator provides a request for actuation of an X-ray 
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generator to the X-ray generator and the sensor ±s 
switched on according to a ready request signal (a 
signal for actuating devices in the X-ray generator in 
order to bring the X-ray generator into a state ready 
for X-ray exposure) outputted in response to the 
request. In general the ready request signal initiates 
rotation of a rotor (rotary anode) of an X-ray tube and 
a ready signal is generated from the X-ray generator at 
the time when the rotor becomes rotating at a constant 
speed and a filament and high voltage become ready 
(completion of preparation) (i.e., when it becomes 
possible to accept a request for X-ray exposure from 
the operator or the like). The time from the output of 
the ready request signal to the output of the ready 
signal is generally about one second and the period of 
about one second is long enough to lower the offset 
level of the sensor to a satisfactorily small level. 

However, the time from the ready request signal to 
the ready signal, which is dependent on the X-ray 
generator, can be conceivably insufficient for the 
stability of offsets, depending upon characteristics of 
the sensor. In this case, an exposure permission 
signal to the X-ray generator can be generated after a 
lapse of a predetermined period since turning^on of 
power to the sensor in response to the ready request 
signal. As another means, it is also possible to check 
offset amounts of the sensor panel in real time by use 
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of the read- out circuit and generate the exposure 
permission signal while monitoring the offset amounts, 
though control is very complex. In this case, it is 
necessary to turn on an electric power of the read-out 
circuit on the occasion of reading the offsets. 

_On_Jthe__o±her— hand— s ince^the^re^d^out circuit f or 
reading out data from the__sensor comprises amplifier 



circuit which is power -consuming, it generates heat 



during long-term operation and the heat can adversely 



W 10 affect the sensor or th e read-out circui t. Since the 

py — — _^ ■ ■ ■ ■ - „ 

* read- out circuit can operate stably even immediately 

ffi! after turning-on of power, it is appropriate to use 

w 

Si either of two power- on timings. One is an exposure ~" 

G 

U { re quest signa l (a signal generated in response to an X- 

15 ray exposure request from the operator or the like), 

and the other an X-ray exposure completiqn __signal . The 

— i — s> . 6*:? 

exposure completion signal can be generated based on an 
off signal of high voltage of the X-ray generator, or a 
sensor for monitoring X-rays may be provided on the 

20 image sensing apparatus side to be used for the 
generation of the exposure completion signal. 

Referring to Fig. 1, the entire X-ray image 
sensing system (image sensing apparatus) of the present 
embodiment will be described. Numeral 101 designates 

25 an X-ray room, 102 an X-ray control room, and 103 a 

diagnostic room. The overall operation of the present 
X-ray image sensing system is controlled by a system 
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control unit 110. The functions of the system control 
unit 110 are mainly those described below. 

The system control unit 110 first receives an 
instruction from the operator through an operator 
5 interface 111. The image acquisition is implemented 
using an X-ray control console 501 in addition to the 
Ci operator interface 111. 

ijri The operator interface 111 can be either of a 

FLi 

jf| touch panel on a display, a mouse, a keyboard, a joy 

ni 10 stick, a foot switch, and so on. Using the operator 

i y interface 111 the operator can set imaging sensing 

Jp! conditions (still picture, motion picture, X-ray tube 

y voltage, tube current. X-ray exposure time, etc.), 

yy 

p image sensing timing, image processing conditions, 

15 subject ID, a method of processing a captured image, 

and so on, but the operator does not have to input them 
one by one, because almost all information is 
transferred from a radiation information system. An 
operator's important task is a work of confirming a 
20 sensed image. Namely, the operator makes judgments 

about whether the angle is correct , whether the patient 
is freezed, whether the image processing is 
appropriate, and so on. 

Then the system control unit 110 provides an 
25 instruction of image sensing conditions based on the 

instruction from the operator 105, to a sensing control 
unit 214 in charge of the X-ray sensing sequence and 



then captures data. Based on the instruction, the 
sensing control unit 214 actuates an X-ray generator 
120 as a radiation source, an image sensing bed 130, 
and an X-ray detector 140 to capture image data, then 
transfer the data to an image processing unit 10, carry 
out the image processing designated by the operator, 
display an image on a display 160, and, at the same 
time, store basic image processing data in an external 
memory 161. 

Further, based on an instruction from the operator 
105, the system control unit 110 performs image 
reprocessing and regeneration, transfer and storage of 
image data to a device on a network, displaying on the 
display unit, printing on film, and so on. 

The system will be described below in order 
according to the flow of signals. 

The X-ray generator 120 includes an X-ray tube 121 
and an X-ray cone control 123. The X-ray tube 121 is 
driven by a high-voltage generating power source 124 
under control of the sensing control unit 214 to emit 
an X-ray beam 125. The X-ray cone control 123 is 
driven by the sensing control unit 214 to shape the X- 
ray beam 12 5 in conjunction with the charge of an image 
sensing area so as to avoid unnecessary X-ray 
irradiation. The X-ray beam 125 is directed toward a 
subject 126 lying on the image sensing bed 130 which 
transmits X-rays. The image sensing bed 130 is driven 
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based on an instruction from the sensing control unit 
214. The X-ray beam 125 is transmitted by the subject 
126 and the image sensing bed 130 to impinge on the X- 
ray detector 140 thereafter. 
5 The X-ray detector 140 is comprised of a grid 141, 

a scintillator 142, a sensor 8, an X-ray exposure dose 
monitor (AEC) 144, and a driving circuit 145. Here the 
driving circuit includes the read-out circuit for 
reading signals from the sensor and a line selector for 
rtJ io selecting pixel s to be read out, in the sensor. The 
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grid 141 reduces influence of X-ray scattering caused 



W by the transmission through the subject 126. The grid 

Ki 141 consists of an X-ray low absorbing member and an X- 

M; ray high absorbing member and is, for example, of a 

15 stripe structure of Al and Pb. During X-ray 
irradiation the grid 141 is moved based on an 
instruction from the sensing control unit 214 in order 
to avoid occurrence of a moire pattern because of the 
frequency difference between the photosensor array 8 
20 and the grid 141. 

In the scintillator 142 a matrix substance of a 
fluorescent material is excited by X-rays having high 
energy to emit fluorescence in the visible region based 
on recombination energy upon recombination. The 
25 fluorescence is one originating in the matrix itself, 
such as CaW0 4 or CdW0 4 , or one originating in a 
luminescence center substance activated in the matrix. 



- 13 - 



such as CsI:Tl or ZnS:Ag. 

The sensor 8 for detecting the object image is 
placed adjacent to this scintillator 142. This sensor 
8 converts photons to electric signals. The X-ray 
5 exposure dose monitor 144 senses the amount of 

transmitted X-rays. The X-ray exposure dose monitor 
144 may be one directly detecting X-rays by a 
crystalline silicon photodetector or the like, one of 
an ion chamber type placed in front of the sensor 8, or 

10 one detecting light from the scintillator 142. 

In this example, the sensor detects visible light 
(proportional to the amount of X-rays) transmitted by 
the scintillator and sends the information to the 
sensing control unit 214, and the sensing control unit 

15 214 drives the high- voltage generating power source 

124, based on the information, to shut off or control 
X-rays. The driving circuit 145, including the read- 
out circuit for reading the data from the sensor 8 , and 
others, drives the flat panel sensor 8 under control of 

20 the sensing control unit 214 to read out signals from 
the respective pixels . The sensor 8 and driving 
circuit 145 will be detailed later. 

The image signals from the X-ray detection unit 
140 are transferred from the X-ray room 101 to the 

25 image processing unit 10 in the X-ray control room 102. 
Since noise due to generation of X-rays is high in the 
X-ray room 101, the image data cannot be transferred 
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accurately because of the noise in certain cases . 
Therefore, the transfer line needs to be provided with 
high noise resistance. It is thus desirable to employ 
a transmission system provided with an error correction 
5 function and, in addition thereto, to use a 

transmission line constructed of a shielded, twisted 
D pair cable or an optical fiber with a differential 

yp driver, for example. In the image processing unit 10, 

p ) 

yj display data is switched based on an instruction from 

afs? 

rlj 10 the sensing control unit 214 (which will be detailed 

W 

s later). In addition to these, it is also possible to 

£SSS, 

implement correction for image data, spatial filtering, 
recursive processing, etc. in real time or to implement 

; i 

□ tone processing, correction for scattered radiation, DR 

15 compression processing, and so on. 

The image thus processed is displayed through a 
display adapter 151 on a display unit 160. At the same 
time as the real-time image processing, the basic 
image, after subjected to only the correction for data, 

20 is saved in a fast memory 161. The fast memory 161 is 
desirably a data storage device satisfying large 
capacity, high speed, and high reliability and 
desirably, for example, a hard disk array or the like 
such as RAID or the like. Based on an operator's 

25 instruction, the image data saved in the fast memory 
161 is stored in the external memory. On that 
occasion, the image data is reconstructed so as to 
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satisfy predetermined standards (for example, IS&C) and 
the thus reconstructed data is stored in the external 
memory. The external memory is, for example, a 
magnetooptical disk 162, a hard disk in a file server 
5 170 on a LAN, and so on. 

This X-ray image sensing system can be connected 
through a LAN board 163 to the LAN and has a 
configuration data-compatible with HIS. Connected to 
the LAN are a plurality of X-ray image sensing systems, 

10 of course. In addition, connected to the LAN are a 

monitor 174 for displaying moving and still pictures of 
the image, the file server 170 for filing the image 
data, an image printer 172 for output ting the image on 
a film, an image processing terminal 173 for performing 

15 complicated image processing and diagnostic support, 
and so on. The instant X-ray image sensing system 
outputs the image data according to a predetermined 
protocol (e.g., DICOM) . In addition, it is also 
possible for a doctor at a remote place to provide a 

20 real-time remote diagnosis upon X-ray sensing, using a 
monitor connected to the LAN. 

Fig. 2 shows an equivalent circuit of part of the 
sensor 8. The example below will be described as to 
the two-dimensional sensor made of amorphous silicon, 

25 but the sensor does not have to be limited to the 

specific example; for example, it may be another device 
such as a solid-state image sensor (e.g., a charge 



coupled device) or a photomultiplier tube. In the case 
of such another device, the A/D conversion unit can be 
constructed with similar function and in similar 
structure. 

Now description will be given referring back to 
Fig. 2. In the present embodiment one pixel 1 is 
comprised of a photoelectric conversion element 21 and 
a switching TFT (thin-film transistor) 22 for 
controlling storage and reading of charge, and is 
generally made of amorphous silicon (a-Si) formed on a 
glass substrate. The photoelectric conversion element 

21 may be constructed of simply a photodiode 2 ID having 
a parasitic capacitance, or a configuration including 
the photodiode 2 ID and an additional capacitor 21C to 
improve the dynamic range, which are connected in 
parallel. 

The anode A of the diode 2 ID is connected to a 
bias wire Lb which is a common electrode, and the 
cathode K thereof is connected to the controllable 
switching TFT 22 for reading out the charge stored in 
the capacitor 21C. In this example, the switching TFT 

22 is a thin-film transistor connected between the 
cathode K of the diode 2 ID and a charge reading 
amplifier 26 . 

A signal charge appears in such a manner that the 
capacitor 21C is first reset by operation of the 
switching TFT 22 and a reset switching device 25, 



thereafter radiations 1 are emitted, the photodiode 2 ID 
generates a charge according to a dose of radiations, 
and the charge is accumulated in the capacitor 21C. 
After that, the signal charge is again transferred to a 
capacitative element by operation of the switching TFT 
22 and the reset switching device 25. Then the amount 
of the charge stored by the photodiode 2 ID is read out 
as a potential signal by the preamplif ier 26 and the 
signal is subjected to A/D conversion to detect the 
dose of incident radiations . 

Fig. 3 is an equivalent circuit diagram showing a 
photoelectric conversion apparatus including the sensor 
8 and the driving circuit 14 5 (the read- out circuit 36 
and the line selector 32). The photoelectric 
conversion operation will be described below in a 
specific expanded configuration in which a plurality of 
photoelectric conversion elements of the structure 
shown in Fig. 2 are arrayed two-dimensionally. 

The sensor 8 is composed of a pixel array of 
approximately 2000 x 2000 - 4000 x 4000 pixels and the 
array area is approximately 200 mm x 200 mm - 500 mm x 
500 mm. In Fig. 3, the photodetector array 8 is 
composed of 4096 x 4096 pixels and the array area is 
430 mm x 430 mm. Therefore, the size of each pixel is 
approximately 105 \ua x 105 ]im. 4096 pixels in one 
block are wired laterally and 4096 lines are arranged 
vertically in order, thereby two-dimensionally 
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arranging the pixels . This sensor 8 is formed on a 
common amorphous silicon semiconductor substrate. 

The above example was the example in which the 
sensor 8 of 4096 x 4096 pixels was constructed of one 
substrate, but it is also possible to construct the 
sensor 8 of 4096 x 4096 pixels of four sensors each 
having 2048 x 2048 pixels. When the single sensor 8 is 
constructed of four detectors of 2048 x 2048 pixels, 
this configuration presents the merit of improvement in 
yields because of fabrication of divided detectors . 

As described previously, each pixel is comprised 
of a photoelectric conversion element 21 and a 
switching TFT 22. Each of 21 ( 1 , 1 ) to 21 (4096,4096) 
corresponds to the foregoing photoelectric conversion 
element 21, in which K represents the cathode side of 
the photodetection diode and A the anode side. Each of 
22 (1,1) to 22 (4096,4096) corresponds to the switching 
TFT 22. 

The K electrodes of the respective photoelectric 
conversion elements 21 (m, n) in each column of the 
sensor 8 are connected through the source and drain 
conductive paths of the corresponding switching TFTs 22 
(m, n) to a common column signal line (Lcl to Lc4096) 
corresponding to each column. 

For example, the photoelectric conversion elements 
21 (1,1) to 21 (1,4096) of column 1 are connected to a 
first column signal line Lcl. The A electrodes of the 



respective photoelectric conversion elements 21 in each 
row are connected through a common bias wire Lb to a 
bias power source 31 for control of the aforementioned 
mode. The gate electrodes of TFTs 22 in each row are 
connected to a row select line (Lrl to Lr4096). For 
example, the TFTs 22 (1,1) to 22 (4096,1) in row 1 are 
connected to a row select line Lrl . 

The row select lines Lr are connected through the 
line selector unit 32 to the sensing control unit 33. 
The line selector unit 32 is comprised, for example, of 
an address decoder 34 and 4096 switching devices 35. 
This configuration enables an arbitrary line Lrn to be 
read out. The line selector unit 32, if constructed in 
the simplest form, can be constructed simply of a shift 
register which is used in liquid crystal displays or 
the like . 

The column signal lines Lc are connected to the 
signal reading circuit 36 (included in the driving 
circuit of Fig. 1) controlled by the sensing control 
unit 33. Numeral 25 designates switches for resetting 
the column signal lines Lr to a reference potential of 
a reset reference power source 24, numeral 26 denote 
preamplifiers for amplifying signal potentials, 38 
sample hold circuits, 39 an analog multiplexer, and 40 
an A/D converter. Signals from the respective column 
signal lines Lrn are amplified by the associated 
preamplifiers 26 to be held by the sample hold circuits 
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38. The analog multiplexer 39 sequentially outputs the 
output signals to the A/D converter 40 to convert them 
to digital values and the digital signals are 
transferred to the image processing unit 10. 

The photoelectric conversion apparatus of the 
present embodiment is configured to separate the 4096 x 
4096 pixels into the 4096 lines Lcn, simultaneously 
transfer outputs of 4096 pixels per row, and 
sequentially output the signals through the column 
signal lines Lc and through the 4096 preamplifiers 26 
and 4096 sample hold circuits 38 to the A/D converter 
40 by the analog multiplexer 39. 

In Fig. 3 the A/D converter 40 appears as if it 
were constructed of a single converter, but the A/D 
converter unit in practice is comprised of 4 to 32 
systems of A/D converters 40 to execute A/D conversion 
simultaneously. Namely, signals from every plural 
columns are supplied to a common A/D converter. The 
reason is that the read-out time of image signals is 
required to be shortened without unnecessary increase 
of the analog signal band and A/D conversion rates . 
The A/D conversion unit will be detailed later. 

The accumulation time and the A/D conversion time 
are in an intimate relation and fast A/D conversion 
will result in broadening the band of the analog 
circuit, which makes it difficult to achieve a desired 
S/N ratio. Therefore, the read-out time of image 



signals is required to be shortened without unnecessary 
increase of the A/D conversion speed. This can be 
implemented by executing the A/D conversion with many 
A/D converters 40, but cost becomes high in that case. 
Therefore, an appropriate number needs to be selected 
in consideration of the above-stated points. 

Since the irradiation time of radiations 1 is 
approximately 10 to 500 msec, an appropriate capture 
time of the entire screen or charge accumulation time 
is of the order of 100 msec or a little shorter than 
it. 

For example, in order to capture the image in 100 
msec by sequentially driving all the pixels, the analog 
signal band is approximately 50 MHz and the A/D 
conversion is carried out, for example, at the sampling 
rate of 10 MHz, which requires at least four systems of 
A/D converters 40. In the present image sensing 
apparatus the A/D conversion is executed simultaneously 
by sixteen systems . Output signals from the sixteen 
systems of A/D converters 40 are supplied to sixteen 
systems of respectively corresponding memories not 
shown (FIFOs or the like). The memories are 
selectively switched to gain image data for one 
continuous scan line, and the image data is transferred 
to the subsequent image processing unit 10, or to a 
memory thereof. After this, the image data is 
displayed as an image or as a graph on a monitor such 



- 22 - 



as a display unit . 

ON/OFF cycles of power of the conventional X-ray 
image sensing apparatus are normally power cycles of 
one -day periodicity, but power ON/OFF timing of the 
5 image sensing apparatus of this embodiment is as 
follows , 

O Fig. 4 shows constitutive portions necessary for 

yp turning- on of electric powers to the sensor 8 and to 

HI 

y the read-out circuit 36. The X-ray control table 501 

f[j 10 has at least two switches of X-ray ready request switch 

(SW) 601 for output of an X-ray ready request signal 
and an X-ray exposure request SW 602 for output of an 
X-ray exposure request signal, and is connected to the 
high voltage generation device 124, to the AEC 144, and 
15 to the sensing control unit 214. The sensing control 
unit 214 has an exposure permission timer 603 and is 
connected to the AEC 144, to the electric power source 
502 of the sensor, and to the electric power source 503 
of the read- out circuit. 
20 When the operator pushes the X-ray ready request 

SW 601, the X-ray ready request signal is generated. 
In response to this signal the X-ray device initiates 
the preparation for exposure, e.g., rotation of the 
rotary anode of the tube. In general, the operator 
25 often also depresses the X-ray exposure request SW 602 
at the same time as the depression of the X-ray ready 
request SW 601. In this case, when the rotary anode of 



the tube reaches constant rotation to become ready for 
X-ray exposure, and then after the device becomes ready 
for X-ray exposure, the X-ray exposure request signal 
is asserted and X-ray exposure starts . 

First presented in Fig. 5 is a first timing 
example showing a relation among the exposure timing of 
the X-ray generator and the supply timings of powers to 
the sensor 8 and to the read-out circuit 36. 

The sensor power source 502 is turned on with the 
timing of output of the X-ray ready request signal and 
the read-out circuit power source 503 is turned on with 
the timing of output of the exposure request signal. 
When the X-ray exposure device (AEC) 144 then detects 
X-rays amount enough for sensing, the AEC 144 shuts off 
the X-ray exposure. Then the control unit starts 
reading out data and then turns off the two power 
sources (the sensor power source 502 and the reading- 
out drive circuit power source 503) at the time of 
completion of read-out . The above operation is the 
first timing example which is controlled by the sensing 
control unit 214. 

Next presented is a second timing example showing 
a relation among the exposure timing of the X-ray 
generator and the supply timings of powers to the 
sensor 8 and the read-out circuit 36. 

The second example is an example in which the 
read-out circuit power source 503 is turned on based on 
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the X-ray exposure completion signal and is shown in 
Fig. 6. The advantage of this example is the merit of 
capability of minimizing the ON time of the read-out 
circuit which causes large power dissipation. For 
transmission of an exposure completion signal, it is 
conceivable to directly connect the signal of the AEC 
144 to the sensing control unit 214 as shown in Fig, 4, 
or to utilize a signal of a circuit (which is not shown 
in the drawings ) monitoring the high voltage of the 
high voltage generation device 124. Use of the signal 
monitoring the high voltage enables X-rays 
corresponding to a delay of shut-off of X-rays to be 
accurately integrated as well. The completion of 
exposure may also be detected in such a manner that an 
X-ray monitor (which is not shown in the drawings) 
different from the AEC 144 is provided, for example, on 
the back side of the sensor 8, though not shown, to 
monitor the X-rays exposure, and completion of exposure 
is determined by use of a signal from the monitor. 

Next presented is a third timing example showing a 
relation among the exposure timing of the X-ray 
generator and the supply timings of powers to the 
sensor 8 and to the read-out circuit 36. 

The third timing example is presented in Fig. 7. 
The third timing example is different from the second 
example in that the exposure request signal is not 
outputted without output of exposure permission from 
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the sensor. The first and second examples were 
arranged so that if the exposure request SW 602 was 
depressed and if the system was ready for X-ray 
exposure, then the exposure request signal was asserted 
5 to start the X-ray exposure, whereas the third example 
is arranged so that , in order to ensure a sufficient 
f», time after turning-on of the sensor power source 502 

for the photodetection array 8, the sensing control 
^ unit 214 is provided with the exposure permission timer 

f] 10 603 (Fig. 4), a permission signal is not outputted 

* y unless a fixed time for stabilization of sensor offsets 

has elapsed since turning-on of the sensor power source 

E3 502, and after assertion of this permission signal, the 

W 

Q exposure request signal is then asserted. The set time 

15 of the exposure permission timer 603 is determined in 

consideration of the characteristics of the sensor used 
and is set, for example, upon shipment from a factory, 
or upon installation at an installation site. 

How each of the circuit components in the sensor 8 
20 and in the read- out circuit 36 is turned on or off will 
be described below with reference to Table 1 and Fig. 
3. 

As summarized in the table below, all the circuits 
in the sensor 8 and in the read-out circuit 36 are in a 
25 state of Phase 1 in which no electric power is supplied 
thereto, before the sensing request. When the X-ray 
Ready- Request signal is outputted based on the sensing 
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request from the radiation information system (RIS/HIS) 
or based on the sensing request from the operator, the 
circuits move into Phase 2 with detection of the 
signal. In Phase 2, the power is supplied to the bias 
5 power line Lb, the row select lines Lr, and the column 
select lines Lc of the sensor 8 . Describing it 
referring to Fig. 3, the power is supplied to the 
circuits shown below the preamplifiers 26. When the X- 
ray exposure request signal is detected in the state of 

10 Phase 2, when completion of actual exposure is 

detected, when turning of the high voltage generation 
device into Low is detected, or when a time-out of the 
integration control circuit occurs, the power is 
supplied to all the circuits shown in Fig. 3. Namely, 

15 the power is also additionally supplied to the 

preamplifiers 26, the sample hold circuits 28, the 
multiplexer 38, and the A/D converter 40. When in a 
state of Phase 3, all charges undergo A/D conversion 
and then completion of read-out is detected, the 

20 circuits transfer into Phase 4. In Phase 4, it is 

determined whether subsequent sensing is to be carried 
out. The circuits go into Phase 2 if yes, or into 
Phase 1 if no. 

In the description provided above, it is described 

25 that the preamplifiers 26 and the sample hold circuit 

28 are in an off -state in the Phase 2. However, it may 
also possible in the Phase 2 that they are in an on- 



state. 

TABLE 1 Power Supply Transition Diagram 





bias power 
line TJb 


signal lines 
Lc,Lr 


preamplifiers 
26 

and sample hold 
circuit 28 


multiplexer 38 
and A/D 
converter 4 0 


Phase 1 : 
idling state 
before sensing 
request 


OFF 


OFF 


OFF 


OFF 


Phase 2: 
(e.g.) 

after sensing 
request 


ON 


ON 


OFF 


OFF 


Phase 3: 

(e.g.) 

after 

completion 


ON 


ON 


ON 


ON 


Phase 4 : 
after 

completion 
of exposure 


into Phase 1 
or 

into Phase 2 


into Phase 1 
or 

into Phase 2 


into Phase 1 
or 

into Phase 2 


into Phase 1 
or 

into Phase 2 | 



As a modification of the third timing example, it 
is also possible to adaptively determine the time for 
stabilization of the sensor offsets, depending upon the 
actual data from the sensor, differently from the 
configuration in which the time for stabilization of 
the sensor offsets is determined by the set time 
determined in the exposure permission timer 603. In 
this case, it is, however, necessary to turn the read- 
out drive circuit power source 503 on and off every 
time data is read out. 

As described above, the examples were configured 
to use the separate power sources for the sensor and 
for the driving and turn the respective power sources 
on and off, but it is also feasible to employ such 
configurations that, without turning the power sources 
themselves on and off in practice, the sensor and the 



«» t 

- 28 - 

read-out circuit are kept in a standby state (which was 
described above by the term "power OFF") with no 
voltage being applied to each of them. 

Describing the standby state of the sensor 
5 specifically, it can be contemplated that all the drive 
lines Lc, Lr, Lb of the sensor 8 are set at an 
identical potential, e.g., at the GND potential so as 
to apply no voltage to the sensor 8 . As for the 

«, standby of the read-out circuit 36, it can be 

n ' 

LT : 10 contemplated that the standby is implemented by turning 
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off power of each of the preamplifiers 26, the sample 

&i hold circuit 38, the multiplexer 39 and the A/D 

Gl 

00 converter 40 in a state in which potentials of the 

D 

H> peripheral line selector 32, the read-out circuit 36 

15 and the power source 31 are set to a same potential. 
It can also be contemplated that, without 
supplying the two power sources for the sensor and for 
the read-out circuit, there is provided only one common 
power source and then the power is supplied to the both 
20 or to either one of them by switching. 

When th e amo uirb_o,f_heat-~generated^.byL the driv e 
read-out circuit is smal l, it can also b e contemplated 
that t he sensor power source 5 0 2 and the drive pow er 
source 503 are turned on on the basis of the ^JC-rav 
25 ready request signal. In this case the technological 
advantages can be also achieved as compared with the 
prior art examples . 



As described above, the power source system of the 
sensing part or the power supply system is separated 
into those for the sensor and for the read-out circuit 
and these are turned on or off in accordance with the 
X-ray exposure timing and the time for stabilization of 
the sensor, which can lengthen the lifetime of the 
sensor. The power consumption is reduced, so as to 
suppress generation of heat and thereby decrease the 
offsets of the sensor due to the heat, whereby the 
image sensing apparatus can be obtained with less noise 
in the image. 

The present invention also embraces in its scope 
such configurations that program code of software for 
implementing the functions of the above embodiments is 
supplied and the system is operated according to the 
program stored in a computer (CPU or MPU) of the image 
sensing apparatus to carry out the functions. 

In this case, the program code itself of the above 
software implements the foregoing functions of the 
embodiments and thus the program code itself and the 
means for supplying the program code to the computer, 
e.g., a recording medium storing the program code, 
constitute the present invention. The recording medium 
storing the program code can be selected, for example, 
from a floppy disk, a hard disk, an optical disk, a 
magnetooptical disk, a CD-ROM, a magnetic tape, a 
nonvolatile memory card, a ROM, and so on. 
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The above embodiments represent only some of 
embodied forms for carrying out the present invention, 
but it is to be understood that the technical scope of 
the present invention is by no means limited to these 
examples. Namely, the present invention can be carried 
out in various forms without departing from its 
technical concept or from the principal features 
thereof . 

According to the embodiments of the invention, as 
described above, it becomes feasible to make the timing 
of supply of the power to the sensor 8 different from 
the supply timing of the power to the read-out circuit 
36, which can lengthen the lifetime of the sensor. The 
power consumption is reduced, so as to suppress 
generation of heat , whereby the image can be obtained 
with less noise. 



